De novo structural determination of mannose oligosaccharides by using a logically derived sequence for tandem mass spectrometry.
Carbohydrates play important roles in biological recognition processes. However, determining the structures of carbohydrates remains challenging because of their complexity. A simple tandem mass spectrometry-based method for determining the structure of underivatized mannose tetrasaccharides was demonstrated. This method employed the multistage low-energy collision-induced dissociation (CID) of sodium adducts in an ion trap, a logically derived sequence (LODES) from the dissociation mechanism for deciding the sequence of CID, and a specially prepared disaccharide spectrum database. Through this method, the linkages, anomeric configurations, and branch locations of carbohydrates could be determined without the prior assumption of possible structures. We validated this method by blind test of all the commercial available mannose tetrasaccharides. We showed that the structure of a given tetrasaccharide can be determined from 928 isomers by using only three to six appropriately selected CID mass spectra according to the proposed procedure. This method is simple and rapid and has the potential to be applied to other hexoses and oligosaccharides larger than tetrasaccharides. The CID procedures can be built in a computer-controlled mass spectrometer for automatic structural determination of underivatized oligosaccharides. Graphical abstract.